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DQGHFRQRPLFLPSDFWV>@)ORRGSURWHFWLRQREMHFWVDUHVXEMHFWWRVFUHHQLQJXQGHU/DZ1R&ROOLQ6ORYDNLD
RQ(QYLURQPHQWDO,PSDFW$VVHVVPHQW(,$>@LQZKLFKLWLVQHFHVVDU\WRFDUU\RXWFRPSDULVRQVRIDOWHUQDWLYHVRI
WKHSURSRVHGDFWLYLW\DQGSURGXFHDSURSRVDOIRUWKHRSWLPDODOWHUQDWLYH,QWKHOLWHUDWXUHWKHUHDUHVHYHUDOVWXGLHV
FRQVLGHULQJULVNDQDO\VLVLQFRQVWUXFWLRQSURMHFWV>@EXWULVNDQDO\VLVLQYROYLQJK\GUDXOLFVWUXFWXUHVHVSHFLDOO\IORRG
SURWHFWLRQPHDVXUHVLVOLPLWHG,QULVNDQDO\VLVWHFKQLTXHVULVNUDWLQJYDOXHVDUHFDOFXODWHGE\PXOWLSO\LQJSUREDELOLW\
DQGLPSDFWYDOXHVEXWGLUHFWDQDO\VLVRIWKHOLQJXLVWLFIDFWRUVLQYROYHGLVRIWHQQHJOHFWHG>@7KHDLPRIWKHSDSHULV
WR LQWURGXFH D QHZ DSSURDFK IRU ULVN DVVHVVPHQW RI IORRG SURWHFWLRQ FRQVWUXFWLRQ SURMHFWV E\ ULVN DQDO\VLV DQG
PXOWLFULWHULDDQDO\VLV
0DWHULDODQGPHWKRGV
2.1. Evaluation criteria 
(LJKWHHQFODVVHVRIULVNFULWHULDZHUHLGHQWLILHGDQGGHILQHGEDVHGRQH[SHUWLQWHUYLHZVILHOGVWXGLHVDQGOLWHUDWXUH
UHYLHZ7KH ULVNFULWHULD DQG WKHLUSURSRVHGYDOXHV IRUPXOWLFULWHULD ULVNDQDO\VLVDUH OLVWHG LQ7DEOH7KHVH ULVN
FULWHULDZHUHGHILQHGEDVHGRQILHOGVWXGLHVDQGEDVLFK\GURORJLFDONQRZOHGJHDVZHOODVUHVRXUFHV>@
7DEOH(YDOXDWLRQFULWHULDRIULVNIDFWRUVOLQNHGZLWKIORRGSURWHFWLRQPHDVXUHV
 5LVNFULWHULD 6FRUH    
A 0D[LPXPVSHFLILFGUDLQDJHTPD[
PVNP d ± ± ± t
B \HDUIORZ4PV d ±   t
C 'HVLJQDWHGIORZ4QPV t4 4 4 4 d4
D $YHUDJHDQQXDOUDLQIDOO+]PP d ±   !
E 0RUSKRORJLFDOW\SHRIIORZE\
5RVJHQFODVVLILFDWLRQ $D$ %& ''$ ( )*
F &RHIILFLHQWRIVDWXUDWLRQLQWKH
EDVLQ6PP t ± ± ± d
G 6WUHDPIORZFKDUDFWHU 6WUHDP 7RUUHQW 0LGGOHWRUUHQW
6WURQJ
WRUUHQW 9HU\VWURQJ
H $YHUDJHORQJLWXGLQDOJUDGLHQW
IORZL d ± ± ± t
I 7\SHRIEDVLQ  (ORQJDWHG 7UDQVLWLRQDO )HDWKHU\ 
J 3HUPDQHQWO\UHVLGHQWSRSXODWLRQ
QXPEHU     !
K &RHIILFLHQWRIEXLOWXSDUHD d ± ± ± !
L 7\SHDQGLPSRUWDQFHRIWUDQVSRUW
SRLQW d    t
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SRLQW     
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SRLQW     
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NP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P 7HFKQLFDOIORRGSURWHFWLRQ
PHDVXUHV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&RQVWUXFWLRQRI
DGU\WDQNDQG
VWDELOL]DWLRQRI
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VWDELOL]DWLRQRI
WKHVWUHDPLQDQ
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(QVXUHWKH
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7KHVHULVNFULWHULDZHUHHYDOXDWHGXVLQJPXOWLFULWHULDPHWKRG
2.2. Multicriteria analysis 
7R GHWHUPLQH WKH OHYHO RI ULVN PXOWLFULWHULD DQDO\VLV ZDV XVHG WKH DLP RI ZKLFK LV WR SURGXFH DQ HPSLULFDO
GHVFULSWLRQRIVHYHUDOULVNFULWHULDVLPXOWDQHRXVO\>@7KHSURSRVHGPXOWLFULWHULDH[SUHVVLRQLVULVNUZKLFKLVWKH
UHVXOWRIPXOWLSO\LQJHLJKWHHQSDUDPHWHUV
r A B C D E F G H I J K L M N O P Q R u u u u u u u u u u u u u u u u u     
7KHFDOFXODWLRQRIULVNUXVLQJWKLVPHWKRGLVSUHVHQWHGLQ7DEOH
2QFHWKHULVNrYDOXHVKDYHEHHQFDOFXODWHGDIRXUGHJUHHHYDOXDWLRQV\VWHPFDQEHHVWDEOLVKHGORZULVNKDYLQJ
UYDOXHVEHWZHHQ[DQG[PHGLXPULVNLVEHWZHHQ[DQG[KLJKULVNLVEHWZHHQ[
DQGH[WUHPHULVNKDYLQJUYDOXHVEHWZHHQDQG
,QRUGHU WRGHWHUPLQH WKH UHODWLYH LPSRUWDQFH ZHLJKW RI WKH ULVN FULWHULD D VXUYH\ZDV FRQGXFWHGZLWKZDWHU
PDQDJHPHQWH[SHUWVDQGSURIHVVLRQDOO\TXDOLILHGSHUVRQVZKRKDYHH[SHULHQFHLQWKHFRQVWUXFWLRQRIIORRGSURWHFWLRQ
REMHFWV&DOFXODWLRQRIWKHVWDQGDUGZHLJKWFULWHULRQWMNLVEDVHGRQWKHIROORZLQJHTXDWLRQVDQG
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ZKHUHWMNVWDQGDUGL]HGZHLJKWRIWKHULVNWMVFRUHSRLQWVDVVRFLDWHGZLWKMFULWHULRQnWRWDOQXPEHURI
DVVLJQHGSULRULWLHV
(DFKULVNFULWHULRQLVDVVLJQHGUHODWLYHLPSRUWDQFHZHLJKWZKLFKLVHQWHUHGLQWRWKHFDOFXODWLRQULVNLQGH[rLZ
PRUHLQ7DE
rLw AwBwCwDwEwFwGwHwIwJwKwLwMw
NwOwPwQwRw        
7KHULVNLQGH[ULZYDOXHVFDOFXODWHGXVLQJWKLVPHWKRGSURGXFHDJUDGHHYDOXDWLRQV\VWHPORZULVNKDYLQJULZ
YDOXHVEHWZHHQDQGPHGLXPULVNLVEHWZHHQDQGKLJKULVNLVEHWZHHQDQG
H[WUHPHULVNKDYLQJULZYDOXHVEHWZHHQDQG
&DOFXODWLRQ RI WKH ULVN LQGH[ rLw WR GHWHUPLQH WKH ULVN SRVHG E\ K\GUDXOLF VWUXFWXUHV LV GLUHFWO\ UHODWHG WR WKH
HQYLURQPHQWDO LPSDFW DVVHVVPHQW RI WKH SURSRVHG DFWLYLWLHV ,W VHUYHV DV D EDVLV IRU MXVWLILFDWLRQ RI WKH RSWLPXP
DOWHUQDWLYHRIWKHSURSRVHGDOWHUQDWLYHVRIIORRGSURWHFWLRQDFWLYLW\
2.3. Study area 

)LJ/RFDOLVDWLRQRI0DOFRYYLOODJHLQWKH6ORYDN5HSXEOLF
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7KHSUHVHQWHGPHWKRGRORJ\SURSRVHGE\DXWKRUVRIWKLVSDSHUZDVDSSOLHGIRUFKRRVLQJWKHEHVWDOWHUQDWLYHRI
IORRGSURWHFWLRQREMHFWSURSRVDOLQWKHYLOODJHRI0DOFRYVLWXDWHGLQWKHQRUWKHDVWHUQ6ORYDNLD)LJ
7KHUHLV9HþQêVWUHDPLQWKH0DOFRYYLOODJHZKLFKSRVHVDFRQVWDQWWKUHDWRIIORRGLQJ7KHUHIRUHWKHUHJXODWLRQ
RI9HþQêVWUHDPLVSXUSRVHGWRLQFUHDVHIORRGSURWHFWLRQ9HþQêVWUHDPULVHVLQýHUJRYKLJKODQGVDOWLWXGHRIP
DVODQGLWPRXWKVWR7RSĐDULYHUQHDUWKHYLOODJHDWDOWLWXGHPDVO7KHSXUSRVHRIWKHFRQVWUXFWLRQLVWRPRGLI\
WKHIORZSURILOHRIWKH9HþQêVWUHDPLQ0DOFRYYLOODJHLQRUGHUWRVDIHO\WUDQVIHUDGHVLJQDWHGYDOXHRIFDSDFLW\IORZ
4 PVUHVS4 PV
5HVXOWVDQGGLVFXVVLRQV
7KLVVHFWLRQSUHVHQWVWKHFRPSDULVRQRIDOWHUQDWLYHVIRUWKHSURSRVHGDFWLYLW\
x $OWHUQDWLYH±VWUHDPEHGZLOOQRWEHUHJXODWHG±WKHFXUUHQWVLWXDWLRQ
x $OWHUQDWLYH±VWUHDPEHGZLOOEHUHJXODWHGIRUGLVFKDUJHZLWKUHWXUQSHULRGRI\HDUV±Q
x $OWHUQDWLYH±VWUHDPEHGZLOOEHUHJXODWHGIRUGLVFKDUJHZLWKUHWXUQSHULRGRI\HDUV±Q
,Q7DEOHHDFKULVNFULWHULRQA±RLVHYDOXDWHGXVLQJGDWDIURP>@DQGRZQFDOFXODWLRQV
7DEOH5LVNDQDO\VLVDSSOLFDWLRQIRUIORRGSURWHFWLRQPHDVXUHVLQ0DOFRYYLOODJH

7KH7DEOHVKRZVDOVRWKHFDOFXODWLRQVRIULVNLQGH[UULZIRUWKUHHDOWHUQDWLYHVRIIORRGSURWHFWLRQPHDVXUHV
XVLQJPXOWLFULWHULDDQDO\VLV7KLVLQGH[LVXVHGWRFRPSDUHDOWHUQDWLYHVDQGWRSULRULWL]HWKHDOWHUQDWLYHZKLFKKDVWKH
ORZHVWULVNLQGH[YDOXH
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